It is well established that many invertebrate species possess extracellular high-niolecularweight multisubunit proteins as their respiratory pigments (e.g. haemocyanins in gastropods and cephalopods, erythrocruorins in annelids). Some invertebrates, however, possess intracellular haemoglobins of much lower molecular weight (similar to or lower than that of vertebrate haemoglobin) and some (e.g. Nephthys hornl~cvyii) possess one kind of haemoglobin dissolved in the blood plasma and another in the coelomic fluid.
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Other animals (e.g. Pista paci5ca) have a large extracellular vascular haemoglobin and multiple small (monomeric) intracellular haemoglobins in the coelomic cells (Terwilliger et al., 1975) . We have shown that the blood clam Anadara senilis possesses multiple haemoglobins contained in nucleated corpuscles, and we here report the separation and some of the properties of these haemoglobins.
Specimens of Anadara senilis were sent from Ghana by air and were maintained in aerated seawater. Blood was obtained by cracking the shells and allowing the animals to bleed into a funnel. The corpuscles were separated by centrifugation and were washed several times in cold 3 % (w/v) NaCI. The washed cells were haemolysed with water in the presence of CCI,. Examination of the clarified haemolysate by isoelectric focuci:-; revealed the presence of several haemoglobins, two or more with isoelectric points near pH6 and one with a n isoelectric point near pH9. The haemoglobins could be separated into high-and low-molecular-weight fractions by gel filtration in 10 mM-Tris/HCI buffer, p H 7.5, containing 100mM-NaCI on Sephadex G-100, but it was found to be more convenient t o perform a separation on the basis of charge by using ion-exchange celluloses. In 1 mM-Pipes ( I ,4-piperazinediethanesulphonic acid) buffer, pH7.0, a fraction (haemoglobin 11) was not adsorbed by CM-cellulose, and the remainder (haemoglobin I) could be eluted by increasing the ionic strength t o 100mM. In the analytical ultracentrifuge haemoglobin I has a sedimentation coefficient (uncorrected) of 3.1s and haemoglobin IT, of 4.7S, and the approx. mol.wts. determined by gel filtration were 55000 and 26000. As detergent/polyacrylamide-gel electrophoresis (Weber & Osborn, 1969) with either haemoglobin gave a single band corresponding t o mol.wt. 12000-14000, haemoglobin I is referred to as 'dimer' and haemoglobin 11 as 'tetramer'. However, as the isoelectric focusing and preparation methods show, the two are quite distinct * On leave from Department of Zoology, University of Cape Coast, Ghana. 570th MEETING, CARDIFF and are not constructed from the same monomer. Furthermore it is also known from the isoelectric focusing that haemoglobin I1 is composed of several components. Amino acid analysis confirmed that the dimeric and tetrameric haemoglobins were indeed distinct : for example the tetrameric haemoglobin contained over four times as much lysine, but only one-half as much histidine, as the dimeric haemoglobin. The globins, prepared by the acid/acetone method (Rossi-Fanelli et ul., 1958) , had quite different solubilities in water: the globin derived from the dimeric haemoglobin was easily soluble, but that derived from the tetrameric haemoglobin was almost insoluble at pH5, but soluble at pH9.
The 02-equilibrium curves for the whole haemolysate, dimeric and tetrameric haemoglobins were determined by the tonometric method of . The results obtained in 0.06~-Na~HP0,/0.04~-NaH~PO,, pH7.0, are shown in Fig. 1 . It is clear that the dimer has a high O2 affinity compared with the tetramer, and that the haemolysate shows properties representing roughly the sum of dimer and tetramer properties. Both dimer and tetramer appeared to bind O2 co-operatively, the dimer showing max. values of the Hill coefficient (h) of up to 1.8, and the tetramer values of 1.8-2.8. A small Bohr effect was observed for both haemoglobins.
Only a few reports on lamellibranch haemoglobins have appeared, and the early literature is somewhat confused because crystallization was used as a preparative procedure. Thus Yagi et ul. (1957) prepared a crystalline haemoglobin from Anuduru influtu and showed it to be homogeneous and to have a mol.wt. of about 73000. It was later shown (Sasakawa & Satake, 1967 ) that A. influtu as well as Anuduru pexutu [which had been reported by to have a mol.wt. of 340001 possessed both dimeric and tetrameric haemoglobins. The two corresponding haemoglobins from Anuduru sutowi were well characterized by Ohnoki et ul. (1973) and were shown to have different oxygen affinities. Collett & O'Gower (1972) found that the total haemoglobin from several Anaduru species had unusual temperature-dependent oxygen-binding properties, but they did not separate the dimeric and tetrameric haemoglobins in order to study them separately.
In addition to the interest in these bivalve haemoglobins from the point of view of their evolutionary origin, the striking difference in functional properties between dimeric and Haemoglobins were dissolved in 0.1 M-phosphate buffer, pH7.0, at 28°C; protein concentration was approx. O.Smg/ml. A, Whole haemolysate; 0, dimeric haemoglobin; 0, tetrameric haemoglobin.
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Reaction with a number of drugs or drug metabolites causes oxidation, denaturation and precipitation of haemoglobin. In normal erythrocytes, with adequate GSH (reduced glutathione) concentrations maintained through the hexose monophosphate pathway, these changes are not apparent. However, in defects of GSH metabolism, such as glucose 6-phosphate dehydrogenase deficiency, denaturation of haemoglobin does occur, with consequent erythrocyte destruction. The drug-haemoglobin reaction clearly involves a number of steps, and products that have been identified include H202, superoxide, methaemoglobin, choleglobin, haemichromes and oxidized acetylphenylhydrazine derivatives (Cohen & Hochstein, 1964; Goldberg & Stern, 1975; Jandl et al., 1960; Itano, 1970) . The reactive species is usually a reducing agent, which requires the presence of 02, but can be an oxidizing agent, in which case O2 is not required. We have studied the reaction of acetylphenylhydrazine (PhNHNHCOCH3) with purified oxyhaemoglobin, and, by recording the spectrum of the solution during the reaction, determined the changes in concentration of each of the haemoglobin species shown in the following scheme:
Oxyhaemoglobin -+ methaemoglobin
We found that the rate of oxyhaemoglobin oxidation, and hence the overall reaction, was slower when H 2 0 2 was removed by adding catalase, and faster when superoxide was removed by adding superoxide dismutase. Either GSH or ascorbate slowed down the haemichrome choleglobin f * Present address: Department of Biology, University of York, York YO1 5DD, U.K.
